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ABSTRACT - The objective of this study was to evaluate the characteristics of ruminal fermentation and enteric methane 
production in beef cattle subjected to different supplementation frequencies while grazing on Brachiaria brizantha cv. Marandu 
pastures. Nine cattle (325±65.7 kg BW) ﬁtted with ruminal and duodenal cannulas were used in the ruminal fermentation study,
and 12 cattle (399±32.6 kg BW) were used in the enteric methane production study. The treatments included supplementation 
once daily, supplementation once daily except Saturdays and Sundays, or supplementation on alternate days. The supplementation 
was equivalent to 10 g kg−1 BW day−1 for all treatments. The design employed was completely randomized with three treatments 
and three replications. When all supplements were provided (day 1), no effects of supplementation frequency were observed 
on ruminal pH; concentration of NH
3
-N; concentration of acetic, propionic, or butyric acids; or total volatile fatty acids (VFA), 
but there were month effects. During the day on which only daily supplements were provided (day 2), signiﬁcant differences
were observed only on the molar concentration of acetic acid and total VFA; and month effects were noted on all variables. No 
signiﬁcant differences were observed in ruminal ﬂuid volume, dilution rate, N intake, bacterial N synthesis and enteric methane
production among the studied supplementation frequencies. Differences were observed in the enteric methane production in the 
different months, with 85 g kg−1 of gross energy intake observed in September and 123 g kg−1 of gross energy intake observed 
in November. Lower supplementation frequency is a good option to lower labor costs with little or no consequences on ruminal 
fermentation characteristics and enteric methane production.
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Introduction
In tropical regions, bovine herds mainly graze pastures in 
which quantitative and qualitative production is distributed 
in two distinct periods: a rainy and hot season and a dry 
and cold season. Therefore, it is necessary to promote 
supplementation, which is used to increase the intake and 
digestibility of forage in addition to being convenient in 
a technical-economical aspect. Consequently, the less 
frequent administration of supplements to animal grazing 
pastures, which is due to the search for a more intense 
rationalization of the labor force and a reduction of costs 
with supplementation, is a possibility that can be exploited 
in production systems as long as it does not impair animal 
performance. 
Typically, when the supplementation frequency 
decreases, the amount of supplement supplied per 
week remains the same and the amount supplied per 
supplementation event is increased. Additionally, infrequent 
supplementation signiﬁcantly alters microbial populations.
For example, when a large dose of supplemental protein 
was provided, there was a lag in the ruminal degradation 
of the supplemental protein due to the inadequate protein 
fermentation caused by signiﬁcant changes in the microbial
population (Farmer et al., 2004). Data from the literature 
(Wickersham et al., 2008; Morais et al., 2009; Drewnoski 
and Poore, 2012) demonstrate that ruminants that are fed 
low-quality forage and are infrequently supplemented 
are capable of maintaining their performance, microbial 
efﬁciency, efﬁciency in utilizing dry matter, and nutrient
intake compared with animals supplemented on a daily 
basis. 
Animals receiving low-quality feed can lose 
approximately 12% of their gross energy in the form of 
CH
4
 (Johnson and Johnson, 1995). Recent studies designed 
to quantify and reduce methane emissions by ruminants 
have been conducted (Pelve et al., 2012). However, 
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studies evaluating the effect of supplementation frequency 
on enteric methane production by zebu cattle in tropical 
pastures are rare. The objective of this study was to evaluate 
the effects of supplementation frequency (once daily; once 
daily except Saturdays and Sundays; or on alternate days) 
on the ruminal fermentation characteristics and enteric 
methane production of beef cattle grazing on Brachiaria 
brizantha cv. Marandu pastures.
Material and Methods
The experiment was conducted at Faculdade de 
Ciências Agrárias e Veterinárias, Universidade Estadual de 
São Paulo, located in Jaboticabal/SP, Brazil. Nine Nellore 
steers with an average weight of 325±65.7 kg BW and ﬁtted
with ruminal and duodenal cannulas were used to determine 
the ruminal parameters. These steers were distributed 
with 27 other steers (without cannulas) of the same breed 
and similar body weight in nine Brachiaria brizantha cv. 
Marandu paddocks of two hectares each under a continuous 
stocking grazing system. Of these 27 Nellore steers, 12 
steers (399±32.6 kg BW) were used to determine enteric 
methane production. Three paddocks were assigned to each 
treatment. Ruminal parameters were measured in August 
and October, and enteric methane emissions were measured 
in September and November of 2006.
The experimental protocol was approved by the 
Animal Ethics Committee of the Faculty of Agricultural 
and Veterinary Sciences, Universidade Estadual de São 
Paulo, Jaboticabal Campus (no. 021611/09). A completely 
randomized design was employed with three treatments 
(supplementation frequencies) and three replications 
(paddocks). Treatments were based on supplementation 
frequency, with the supplement fed at 08.00 h in troughs 
placed in the paddocks once daily (OD); once daily except 
Saturdays and Sundays (SS); or on alternate days (AD) at 
10, 14, and 20 g kg−1 BW day−1, respectively (equivalent 
to 10 g kg−1 BW day–1 for all three treatments). Initially, 
the supplement was formulated to provide a minimum of 
12% CP in the dietary DM for requirements of microbial 
efﬁciency (NRC, 1984), assuming the low CP of the 
available forage during the experimental period. Thus, the 
supplement was formulated to contain 250 g kg−1 CP in 
August and September and 280 g kg−1 CP in October and 
November (Canesin et al., 2014) (Table 1).
The evaluations of pasture, ruminal parameters and 
enteric methane production were performed in both the dry 
(August and September) and rainy (October and November) 
seasons. The characteristics of structure, biomass availability 
and forage quality were assessed by throwing ﬁve 1 m × 1 m
metal squares randomly onto each paddock and cutting 
forage within them at the ground level. Half of the collected 
biomass was separated into green leaves, stems and dead 
material, and the rest was oven-dried (55 °C) for chemical 
composition and alkane analysis (Table 2) (Morais et al., 
2009; Canesin et al., 2014; Morais et al., 2014). 
Twenty-seven animals were chosen for estimating total 
dry matter intake (DMI), nine less-reactive animals from 
each treatment (three animals from each paddock; two 
animals without cannula and one cannulated) in August and 
September using the n-alkanes technique. Feces samples 
were collected directly from the rectum of each animal twice 
daily (at 07.00 and 17.00 h) for ﬁve consecutive days and
frozen at −20 ºC for analysis of n-alkane concentrations. At 
the end of each period, composite samples were formed for 
each animal based on the dry mass of the samples. The DMI 
ND - not deﬁned.
1 Plus 2 g kg−1 mineral supplement: Ca - 155 g kg−1; P - 80 g kg−1; Mg - 10 g kg−1; S - 40 g kg−1;  Na - 130 g kg−1; Cu - 1,350 mg kg−1; Mn - 1,040 mg kg−1; Zn - 5,000 mg kg−1; 
I - 100 mg kg−1; Co - 80 mg kg−1; Se - 26 mg kg−1; F (max.) - 800 mg kg−1.
Table 1 - Centesimal composition (as is) and chemical composition of ingredients of the supplement 
Supplement ingredients1
Citrus pulp Cottonseed meal  Urea 
Proportions, g kg−1   
August 700 275 25
September 700 275 25
October 620 355 25
November 620 355 25
Chemical composition   
Dry matter, g kg−1 896 907 ND
Organic matter, g kg−1 DM 932 933 ND
Ash, g kg−1 DM  68 67 ND
Crude protein, g kg−1 DM 70 476 2,800
Neutral detergent ﬁber, g kg−1 DM 222 340 ND
Acid detergent ﬁber, g kg−1 DM 168 205 ND
Ether extract, g kg−1 DM 25 14 ND
Gross energy, Mcal kg−1 DM 3.74 4.35 ND
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was estimated using the proﬁle of alkanes from the dietary
components (green leaves, stems and dead material) and 
supplement, reducing the squared differences between fecal 
concentrations of each alkane corrected for its relative fecal 
recovery and the theoretical proportions of each alkane in 
the feces (Dove and Moore, 1995; Dove et al., 1999).
Samples of ruminal ﬂuid were collected during two
consecutive days such that all animals were supplemented 
on the ﬁrst sampling day (day 1); the OD animals received
supplements, while AD and SS animals were not 
supplemented on the second day (day 2). The sampling times 
were at 08.00 h (before supplementation) and 2, 4, 6, 8 and 
10 h after supplementation. The pH of ruminal ﬂuid was
immediately determined using a digital pH meter (ORION 
710A, Boston, MA). The sample was then fractionated 
into two portions for VFA and ammonia nitrogen analyses. 
Rumen content (3 L) was collected from each animal 
and manually homogenized with saline solution (1 L) and 
subsequent centrifuged for isolation of ruminal bacteria.
The duodenal digesta were sampled for four days, in 
which the AD and SS animals received supplementation for 
two days and did not receive supplementation on the other 
two days. The collection occurred at 12.00 h and 16.00 h 
on the ﬁrst day and at 10.00 h, 14.00 h and 18.00 h on
the second day. The same arrangement was followed for 
the collections performed on days without supplementation 
in the AD and SS treatments. The procedure allowed for 
sampling at 10 h after supplementation at 2 h intervals. 
Ruminal CH
4
 was measured in 12 animals (4 animals/
treatment) for six consecutive days over a period of 24 h in 
September and November with 15 prior adaptation days, 
using the sulfur hexaﬂuoride (SF
6
) tracer gas technique as 
described by Johnson and Johnson (1995) and adapted by 
Primavesi et al. (2004a).
Samples of forage, supplement and feces were milled 
through a 1 mm sieve to estimate the intake. Next, 0.5 g of 
the samples was weighed into 200 × 20-mm-thick-walled 
screw-topped Pyrex test-tubes containing 100 mg of internal 
standard (a solution of heptane containing 1 mg/g of C
22
 and 
C
34
). Then, an extraction of the n-alkanes was performed 
by following the technique described by Mayes et al. 
(1986) and using the modifications suggested by Keli 
et al. (2008). An alkane analysis was performed through 
in Agilent 6890 gas chromatography instrument ﬁtted with
an automatic injector and a ﬂame ionization detector. The
detector response factors for individual n-alkanes were 
determined by injecting a standard n-alkane mixture 
(C
21
-C
36
 inclusive) onto the chromatograph after every eight 
sample extracts. The dry matter intake (DMI) of forage was 
calculated based on a pair of alkanes, C
31
 (naturally present in 
the diet) and C
32
 (dosed) (Mayes et al., 1986). The total DM 
intake was estimated as the forage DM intake (estimated by the 
n-alkane technique) + the individual amount of supplement 
offered, as described by Morais et al. (2014). The ﬂow of
DM (kg DM day−1) was estimated as the DM intake of 
C
31
 (mg C
31
 day−1) divided by the concentration of the C
31
 
alkane in the duodenal digesta (mg kg−1 DM).
The concentrations of ammonia nitrogen were obtained 
after distillation with KOH 2N, according to the technique 
described by Fenner (1965), which was adapted for use 
in Kjeldahl distillation. The ruminal ﬂuid samples were
centrifuged at 11,000 × g at 4 °C for 20 min; an aliquot 
was used for the determination of VFA according to the 
method of Palmquist and Conrad (1971). Co-EDTA was 
Table 2 - Initial body weight of animals (BW, n = 36), biomass availability and forage chemical composition (n = 9)
Forage
August September October November
Body weight, kg 357 361 367 392
Total biomass, t DM ha−1  3.8 3.8 4.1 4.8
Total biomass, kg 100 kg−1 BW 18.9 18.8 19.9 21.7
Green leaves, g kg−1 66 90 312 324
Green leaves, kg 100 kg−1 BW 12 17 63 70
Stems, g kg−1   693 64.8 498 501
Dead material, g kg−1   241 261 190 175
Chemical composition
Dry matter, g kg−1 694 641 426 438
Organic matter, g kg−1 DM 940 939 929 927
Ash, g kg−1 DM 60 61 71 73
Crude protein, g kg−1 DM 27 30 48 43
Neutral detergent ﬁber, g kg−1 DM 789 752 742 696
Acid detergent ﬁber, g kg−1 DM 470 460 427 403
Ether extract, g kg−1 DM 14 13 14 11
Gross energy, Mcal kg−1 DM ND 3.34 ND 3.93
ND - not detected.
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used to determine the ruminal volume and dilution rate 
by infusion through a cannula directly into the rumen of 
each animal in a single 30 g dose diluted into 300 mL 
of distilled water one hour after feed administration, 
according to the method of Udén et al. (1980). The ruminal 
ﬂuid was sampled before the infusion and then every
two hours until 12 h after the Co-EDTA administration. 
To determine the Co-EDTA concentration, the ruminal 
ﬂuid samples were centrifuged at 500 × g for 15 min 
after thawing, and a supernatant reading was performed 
using an atomic absorption spectrometer (VARIAN 220 
FS, Mulgrave, AUS). The ruminal volume and dilution 
rate were estimated by regressing the natural logarithm 
of the cobalt concentration against the sampling time, as 
described by Warner and Stacy (1968).
The duodenal digesta samples were previously oven-
dried using a forced air-circulation oven at 55 ºC for 96 h 
immediately after collection. The dried samples were 
ground through a Wiley mill (1 mm screen). A compound 
sample was created for each animal in each collection period 
based on the dry weight of each subsample. The isolation 
of bacteria from the ruminal digesta samples was achieved 
using differential centrifugation procedures (Cecava et al., 
1990), and after isolation, the samples were lyophilized 
(Thermo Electron Corporation, Modulyo D, Milford, MA). 
Purines were determined from the N purines:total bacterial 
N ratios in these and the duodenal digesta samples for later 
estimation of bacterial N ﬂux using the procedure described
by Zinn and Owens (1986) with the modiﬁcations proposed
by Ushida et al. (1985). CH
4 
ﬂux produced by animals
was calculated in relation to the SF
6
 tracer gas ﬂux from
a permeation capsule lodged in the rumen minus the basal 
CH
4 
concentrations in the air (Westberg et al., 1998). 
Dry matter (DM), crude protein (CP) and ash contents 
were analyzed according to AOAC (1990), and the gross 
energy was determined using an adiabatic bomb calorimeter 
(PARR Instrument Company 6300, Illinois, USA). The 
levels of neutral detergent ﬁber (NDF) and acid detergent
ﬁber (ADF) were analyzed using the methods of Mertens
(2002) and Van Soest and Robertson (1985), respectively, 
using samples digested in detergent solution in ﬁlter bags
(F57 - Ankom®) for 40 min in an autoclave at 110 ºC and 
0.5 atm, as described by Senger et al. (2008). Heat-stable 
amylase and sodium sulﬁte were used to determine the NDF
content in the supplements; however, this method was not 
used in the forage sample analyses. 
All of the data were analyzed using a repeated-measures 
analysis of variance, with time as the repeated factor, 
using the PROC MIXED procedure of SAS (Statistical 
Analysis System, version 9.0) with the repeated option. In 
the evaluation of pH, ammonia N and VFA variables, the 
data were analyzed with a model including the effect of 
the supplementation frequency, the month of evaluation, 
the collection timetables included in the month and the 
respective interactions. The evaluation of the day effect 
(day 1 and day 2) was analyzed separately because of 
the proposal to evaluate the differences of the parameters 
during each day. 
The model that included the effects of the 
supplementation frequency, the month of evaluation, and 
the respective interactions was used in the nutrient intake, 
ruminal ﬂuid volume, dilution rate, bacterial N synthesis and
enteric methane production analyses. Different structures of 
variance and covariance matrices for the residue were tested 
to determine the structure that best ﬁts each variable. The
matrices were chosen according to AIC (Akaike’s Information 
Criteria) and BIC (Bayesian Information Criteria). The 
adjusted means were compared using the Tukey test and 
probabilities <0.05 were considered signiﬁcant.
Results
Supplementation frequency did not affect the forage 
and total dry matter intakes (DMI) (P>0.05) (Table 3). 
Nevertheless, an effect of month was observed on forage 
and total DMI; moreover, there was no interactive effect 
of supplementation frequency × month on DM intake. 
On the day when all supplements were provided (day 1), 
supplementation frequency × month interaction was 
observed on ruminal pH. Month effects were observed, but 
the molar concentration of acetate was similar in August 
and October (Table 4). As expected, there was a signiﬁcant
DMI, kg 100 kg−1 BW
Supplementation frequency Months
SEM
P-value
AD SS OD August September November  SF  M  SF × M
Forage 1.23 1.11 1.05 1.14a 1.24a 1.01b 0.06 0.10 0.01 0.76
Total1 2.13 2.01 1.95 2.04a 2.14a 1.91b 0.06 0.11 0.01 0.73
DMI - dry matter intake; AD - supplementation on alternate days; SS-supplementation once daily except Saturdays and Sundays; OD - supplementation once daily; SEM - standard 
error of the mean; SF - supplementation frequency; M - months; SF × M - supplementation frequency × month interaction.
a, b - means followed by different letters are signiﬁcantly different at P<0.05.
1 Forage intake plus total supplement provided to the animals.
Table 3 - Effect of the supplementation frequency on steers intake (n = 9)
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difference between the sampling times (P<0.05) (Figures 
1 and 2); however, no effect of the supplementation 
frequency × time interaction was found. 
The pH values were similar among the supplementation 
frequency treatments, and signiﬁcant differences were
observed at sampling time 0 (6.6), before supplementation, 
and from 2 h after supplementation (6.4) to 8 h after 
supplementation; however, the ruminal pH remained 
constant (6.1) (Figure 1). The NH
3
-N concentrations 
exhibited similar behavior among the supplementation 
frequency treatments on the day in which all supplements 
were provided (day 1), with an ammonia peak 2 h after 
Supplementation frequency Months
SEM
P-value
AD SS OD August October SF M SF × M
Day 1          
pH 6.17 6.28 6.36 6.34 6.20 0.07 0.27 <0.01 <0.01
NH
3
-N, mg dL–1 26.28 24.69 24.48 22.69 27.61 1.73 0.81 <0.01 0.82
Acetic acid (C2), mM 82.33 83.53 84.63 83.91 83.08 2.43 0.85 0.72 0.71
Propionic acid (C3), mM 24.81 22.90 22.43 18.12 28.64 1.25 0.43 <0.01 0.68
Butyric acid (C4), mM 12.69 11.92 12.11 9.93 14.54 0.40 0.44 <0.01 0.35
Total VFA, mM 123.3 120.1 122.5 114.0 130.0 3.05 0.79 <0.01 0.33
C2:C3 3.86 4.03 4.14 4.70 3.32 0.14 0.40 <0.01 0.81
Day 2          
pH 6.14 6.34 6.36 6.35 6.22 0.18 0.25 0.02 <0.01
NH
3
-N, mg dL–1 19.45 15.59 24.48 17.39 22.30 1.61 0.14 <0.01 0.01
Acetic acid (C2), mM 78.81a 73.74b 84.63a 76.29 81.84 1.00 <0.01 0.02 0.04
Propionic acid (C3), mM 21.41 23.07 22.43 16.09 28.48 0.92 0.63 <0.01 0.25
Butyric acid (C4), mM 11.98 11.83 12.11 9.69 14.25 0.78 0.96 <0.01 0.55
Total VFA, mM 115.8a 112.5b 122.6a 104.6 129.4 1.38 0.04 <0.01 0.04
C2:C3 4.23 3.88 4.14 4.81 3.37 0.20 0.25 <0.01 0.76
Table 4 - Effect of supplementation frequency on ruminal fermentation traits in the steers (n=9)
AD - supplementation on alternate days; SS - once daily except Saturdays and Sundays; OD - once daily; SEM - standard error of the mean; SF - supplementation frequency; 
M - months; SF × M - supplementation frequency × month interaction.
a, b - means followed by different letters are signiﬁcantly different at P<0.05.
Supplementation frequency: once daily (OD), once daily except Saturdays and Sundays (SS) and on alternate days (AD).
Figure 1 - Effect of supplementation frequency on steer ruminal pH and NH
3
- N on the day all supplements were provided (day 1) and on 
the day only daily supplements were provided (day 2). 
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supplementation (46.4 mg dL–1). After this peak, the 
concentration of NH
3
-N decreased up to 8 h following 
supplementation and then remained constant (Figure 1). 
The concentrations of VFA differed among the 
sampling times (P<0.05). Similar molar concentrations 
of acetic acid were observed at 0 and 2 h (78.8 mM and 
77.5 mM, respectively), and the concentration increased 4 h 
after supplementation. In contrast, the molar concentration 
of propionic acid was higher 2 h after supplementation 
(26.8 mM) because supplement intake increased the 
concentration of this acid. The highest concentrations of 
butyric acid were observed 2 h and 4 h after supplementation 
(13.3 mM and 13.5 mM, respectively); after 4 h following 
the supplementation the concentrations remained constant. 
A linear increase in the concentration of total VFA with 
increased sampling time was noted (Figure 2). On the 
day when only daily supplements were provided (day 2), 
signiﬁcant differences were observed only in the molar
Figure 2 - Effect of supplementation frequency on ruminal concentration of acetic, propionic and butyric acids, and total volatile fatty acids 
(VFA) on the day all supplements were provided (day 1) and on the day only daily supplements were provided (day 2). 
Supplementation frequency: once daily (OD), once daily except Saturdays and Sundays (SS) and on alternate days (AD).
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concentration of acetic acid and total VFA; and effects of 
the month were noted on all variables. Supplementation 
frequency × time interaction (P<0.05) was not observed only 
on the total VFA (Figure 2).
Higher ruminal pH was observed in August (6.34) 
than in October (6.20). In addition, a supplementation 
frequency × time interaction concerning the lower values 
for AD supplementation before (time 0) or 2 h and 4 h 
after supplementation was observed. The ruminal N-NH
3
 
content was greater in October (22.30 mg dL−1) than in 
August (17.39 mg dL−1). Additionally, a higher ruminal 
NH
3
-N content was observed in supplemented animals 
(OD) 2 h after supplementation (46.1 mg dL−1) than in non-
supplemented animals (AD and SS) (Figure 1).  
Regarding the concentrations of VFA, higher values 
were observed in October than in August (P<0.05). 
The molar concentration of acetic acid was greater 
for supplemented animals (OD) 4, 8, and 10 h after 
supplementation. The same pattern was observed 2 h after 
supplementation for propionic acid and 2 and 4 h after 
supplementation for the molar concentration of butyric 
acid and total VFA, indicating a difference between the 
supplemented and non-supplemented animals in the 
sampling time (Figure 2). Ruminal ﬂuid volume and
dilution rate, N intake, duodenal bacterial N ﬂow, and
bacterial N synthesis were not affected by supplementation 
frequency (P>0.05) (Table 5). Intake and enteric methane 
production were not affected by the supplementation 
frequency (P>0.05); however, higher values for enteric 
methane production were obtained in November (P<0.05) 
(Table 6).
Discussion
The results obtained in the present study agree with 
those found by other authors who also observed that 
ruminants grazing low-quality forage and supplemented 
with high-protein supplements showed similar dry matter 
intake (DMI) between frequencies of supplementation 
(infrequently or daily) (Canesin et al., 2007; Morais et al., 
2009; Canesin et al., 2014; Morais et al., 2014). Krehbiel et al. 
(1998) showed that DMI and the net portal and hepatic ﬂux
of nutrients in mature ewes fed low-quality forage increased 
in response to supplementation with 80 g CP day–1 of soybean 
meal, with no differences observed due to the frequency 
of supplement administration (once daily or every three 
days). Additionally, Huston et al. (1999) did not observe 
signiﬁcant differences in forage and supplement intake due
to supplementation frequency (1x or 3x per week) in adult 
Hereford × Brangus beef cattle in the winter. 
The mean pH values observed in this study are above 
6.1-6.4 and never decreased below 6.0 on either the day 
all supplements were provided or the day only daily 
supplements were provided. These values are above the 
Supplementation frequency
SEM P-value
AD SS OD
Ruminal ﬂuid volume, g kg–1 BW 8.82 11.16 11.25 1.35 0.38
Ruminal ﬂuid dilution rate, h–1 0.126 0.113 0.107 0.84 0.29
N intake, g day–1 70.60 94.51 81.90 8.54 0.18
Duodenal N ﬂow, g day–1 77.28 89.18 77.30 12.01 0.76
Duodenal bacterial N ﬂow, g day–1 54.14 50.52 27.14 16.52 0.56
Synthesis of bacterial N, g of N kg–1 of OMAD 13.38 14.53 6.57 4.62 0.45 
AD - supplementation on alternate days; SS - once daily except Saturdays and Sundays; OD - once daily; SEM - standard error of the mean.
BW - body weight; OMAD - organic matter apparently digested in the rumen.
Table 5 - Effect of supplementation frequency on ruminal ﬂuid volume, dilution rate, N intake, and synthesis of bacterial N (n = 9)
Supplementation frequency Months
SEM
P-value
AD SS OD September November SF M SF × M
DMI, kg day–1 7.70 7.70 7.87 7.79 7.73 0.46 0.94 0.90 0.78
GEI, Mcal day–1 28.53 28.59 29.26 27.60 29.98 1.43 0.92 0.17 0.79
NDFI, kg day–1 4.00 3.95 4.00 4.18 3.78 0.28 0.99 0.25 0.76
CH
4
, g day–1 252.5 253.3 226.0 176.8 311.0 21.2 0.81 <0.01 0.96
CH
4
, g kg–1 BW0.75 day–1 2.81 2.31 2.45 2.08 2.97  0.59 0.38 0.01 0.64
CH
4
, g kg–1 GEI 117.3 99.4 99.7 84.5  123.4  1.14 0.38 0.01 0.89
CH
4
, g kg–1 DMI 33.37 26.90 28.42 22.81 36.32 2.99 0.38 <0.01 0.88
CH
4
, g kg–1 NDFI 66.24 53.51 56.45 42.86  74.60 6.42 0.44 <0.01 0.93
Table 6 - Effect of the supplementation frequency on steers intake and enteric methane production (CH
4
) (n = 12)
AD - supplementation on alternate days; SS - once daily except Saturdays and Sundays; OD - once daily; SEM - standard error of the mean; SF- supplementation frequency; 
M - months; SF × M - supplementation frequency × month interaction.
DMI - dry matter intake; GEI - gross energy intake; NDFI - neutral detergent ﬁber intake; BW - body weight.
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range that is considered adequate to maintain ﬁber digestion
and support cellulolytic bacteria, according to Mould et al. 
(1983). In a similar study, Morais et al. (2009) also noted 
that the ruminal pH was not affected by the frequency of 
supplementation; instead, they measured higher average 
pH values – 6.84, with a minimum of 6.5 – in Nellore 
steers grazing on Marandu grass and supplemented 7x, 5x 
and 3x per week.  Likewise, Bohnert et al. (2002c), Farmer 
et al. (2001) and Beaty et al. (1994) found that infrequent 
supplementation resulted in a lower ruminal pH compared 
with daily supplementation when all treated animals 
received supplementation, but a higher ruminal pH was 
observed on the days between supplementation events. In a 
study of the effects of supplementation frequency on ruminal 
fermentation in beef steers, Drewnoski and Poore (2012) 
observed that on the day of supplementation, the ruminal 
pH of steers in an alternate-day treatment (6.13) was lower 
(P<0.01) than those subjected to the daily-supplementation 
treatment (6.29). Remarkably, the pH values remained 
above 6 even on days when the animals were supplemented 
infrequently. These animals were also able to maintain a 
desirable environment for digestion, even on the days they 
were not supplemented. Notably, providing supplements as 
infrequently as once every six days appears to be enough 
to sustain a ruminal environment sufﬁcient to maintain
normal ﬁber digestion.
The NH
3
-N concentrations were similar between the 
supplementation frequencies, and showed that cattle fed 
high-protein supplements at non-frequent intervals were 
able to maintain high levels of ruminal ammonia even on 
the days when they were not supplemented (Beaty et al., 
1994). According to Krehbiel et al. (1998) and Bohnert 
et al. (2002a), the better efﬁciency of N use in infrequently
supplemented animals is due to a possible alteration in 
the permeability of the gastrointestinal tract and/or the 
regulation of the renal excretion of urea. Evaluating the 
effect of frequency and the amount of rumen-degradable 
protein intake on urea kinetics in steers consuming prairie 
hay, Wickersham et al. (2008) observed that a decreased 
supplementation level (daily supplementation versus 
supplementation every three days) resulted in similar urea 
kinetics between the two supplementation groups. 
In a study of supplementation frequencies of cattle 
consuming a low-quality forage diet, Bohnert et al. (2002c) 
did not observe signiﬁcant difference in ruminal ﬂuid
volume and dilution rate with degradable-intake protein as 
supplementation frequency decreased (daily, every 3 or 6 
days). In contrast, Farmer et al. (2001) provided degradable-
intake protein supplement 7x, 5x, 3x or 2x per week and 
reported that ﬂuid passage rate responded quadratically,
with the lowest rate occurring on the supplementation 
provided 2x per week. The infrequent supplementation 
of degradable-intake protein may have disrupted rumen 
function for a period of time, especially in the lower 
supplementation frequency (Bohnert et al., 2002c).
Likewise, Bohnert et al. (2002b) also not observed 
signiﬁcant difference in N intake, ﬂux of bacterial N, and
synthesis of bacterial N in cattle supplemented daily, three or 
every six days. The synthesis values of bacterial N observed 
by the authors were similar (13.0 g N kg−1 OMAD) to values 
found in this study for AD and SS supplementation. On the 
other hand, the values of duodenal bacterial N ﬂow and
bacterial N synthesis were approximately 50% lower with 
daily supplementation. Wickersham et al. (2008) found that 
at the high level of supplementation, recycled urea provided 
23% of the N in microbial protein for steers supplemented 
daily, but 42% for steers supplemented infrequently. Thus, 
on the days when the infrequently supplemented steers 
receive the higher level of the degradable-intake protein 
supplement, rumen-available N is well in excess of microbial 
requirements, whereas on the days when they are not 
supplemented, rumen-available N is deﬁcient (Titgemeyer,
2012). The author reported that infrequent supplementation 
leads to much greater amounts of urea recycling, much 
greater capture of recycled urea-N by ruminal microbes, 
and a greater proportion of microbial protein being derived 
from recycled urea. This seems logical because steers 
supplemented daily are not dependent on urea recycling 
to meet a large part of the microbes N needs, whereas the 
infrequently supplemented animals are very dependent on 
recycling to provide rumen-available N for two of three 
days in the supplementation cycle (Titgemeyer, 2012). 
Supplementation frequency had little or no effect on VFA 
concentrations in comparison with daily supplementation. 
Similarly, other authors (Farmer et al., 2001; Currier et al., 
2004; and Morais et al., 2009) have reported that two-day 
supplementation intervals (or shorter) had some or no 
effect on VFA. Morais et al. (2009) observed that ruminal 
fermentation parameters (pH, NH
3
-N and VFA) in Nellore 
steers on Brachiaria brizantha pastures were stable when 
supplementation was reduced from seven to ﬁve or three
times per week; they concluded that the maintenance of 
these parameters was important for adequate ruminal 
fermentation. The ruminal VFA by fermentation is directly 
proportional to feed digestibility, which depends on the 
composition of the diet and on the feed intake. Therefore, 
the effect of the month on the VFA concentrations is related 
to the quality of the available forage, which was optimal 
in October, with the lowest ﬁber and highest CP contents
compared to August.  
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The concentration of total ruminal VFA was higher 
in October than in August, thus resulting in higher enteric 
methane production in November because the characteristics 
of the forage presented in October and November are the 
same (Table 2). In this case, the highest production of 
methane is not indicative of the inefﬁciency of metabolic
processes, but rather due to a higher total gas production 
resulting from the higher quality of forage consumed by 
the animals. The forage intake was lower in November than 
in other months, but the nutrient concentration was higher, 
resulting in a substitutive effect (Table 3). Based on the 
values shown in Table 4, it can be observed that there is a 
higher ruminal concentration of propionic acid in the month 
of October if it is assumed that there is a lower production 
of CH
4
 because there is an inverse relationship between the 
production of propionate and the production of CH
4
. 
The values determined for methane production were 
176.84 g day−1 and 310.97 g day−1 in September and 
November, respectively. Primavesi et al. (2004b) obtained 
similar values of methane production in Brazilian crossbred 
dairy heifers grazing on Brachiaria grass without fertilizer 
of 181 g day−1 and 295 g day−1 in dry cows grazing on 
Tobiatã grass fertilized in the summer. Methane production 
in September was 2.08 g kg–1 BW0.75 day−1, which agrees 
with the data reported by Pedreira et al. (2009) for heifers 
maintained on fertilized and unfertilized pastures (1.9 g kg−1 
BW0.75 day−1), but which is lower than the values observed 
in November (2.1 g kg−1 BW0.75 day−1).
The energy loss as methane (Table 6) was high in 
November (123.4 g kg−1 GE intake) and is related to the 
lower diet intake (Table 3) although there was a high 
nutrient availability in the forage (Table 2). According 
to Johnson and Johnson (1995), when highly available 
carbohydrates are fed at limited intakes, high fractional 
methane losses occur; in contrast, at high intake levels 
of highly digestible diets, low fractional methane losses 
occur. Protein supplementation of low-quality forage will 
increase methane losses proportionally to the improvement 
in digestibility. It should be noted, however, that overall 
methane losses per unit of product (maintenance, lactation, 
or growth) would decrease with protein supplementation 
(Johnson and Johnson, 1995). 
Kurihara et al. (1999) observed energy losses in cattle 
fed tropical grasses (104 g kg−1 GE intake in Rhodes grass 
and 114 g kg−1 in Engleton grass). Recently, Pelve et al. 
(2012) observed that methane emissions in non-lactating 
cows and heifers fed forage harvested from heterogeneous 
semi-natural pastures corresponded to an average of 
89 g kg−1 GE intake. The production of CH
4
 in g kg−1 of 
DM intake and g kg–1 of NDF intake was similar (P>0.05) 
in animals supplemented daily or less frequently. However, 
higher values were observed in November, most likely due 
to the better quality of forage in that month. Pedreira et al. 
(2009) reported lower values, e.g., 19.1 g of CH
4
 kg−1 of 
DM intake in heifers maintained on fertilized pastures 
(intensive system) and 16.0 g of CH
4
 kg−1 of DM intake 
on pastures without fertilization (extensive system). Thus, 
we can infer that the lower supplementation frequency did 
not affect the ruminal fermentation and enteric methane 
production in cattle grazing on tropical pastures; however, 
differences were observed in the different seasons (dry and 
rainy season). 
Conclusions
Although ruminal fermentation characteristics are 
slightly enhanced by daily supplementation, less frequent 
supplement administration may be a feasible practice to 
substantially reduce supplementation costs, with little or no 
consequences to ruminal fermentation characteristics and 
enteric methane production.
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